Nematode anticoagulant protein c2 reveals a site on factor Xa that is important for macromolecular substrate binding to human prothrombinase.
The binding of recombinant nematode anticoagulant protein c2 (NAPc2) to either factor X or Xa is a requisite step in the pathway for the potent inhibition of VIIa tissue factor. We have used NAPc2 as a tight binding probe of human Xa to investigate protein substrate recognition by the human prothrombinase complex. NAPc2 binds with high affinity (K(d) approximately 1 nm) to both X and Xa in a way that does not require or occlude the active site of the enzyme. In contrast, NAPc2 is a tight binding, competitive inhibitor of protein substrate cleavage by human Xa incorporated into prothrombinase with saturating concentrations of membranes and Va. By fluorescence binding studies we show that NAPc2 does not interfere with the assembly of human prothrombinase. These are properties expected of an inhibitor that blocks protein substrate recognition by targeting extended macromolecular recognition sites (exosites) on the enzyme complex. A weaker interaction (K(d) = 260-500 nm) observed between NAPc2 and bovine X was restored to a high affinity one in a recombinant chimeric bovine X derivative containing 25 residues from the COOH terminus of the proteinase domain of human X. This region implicated in binding NAPc2 is spatially adjacent to a site previously identified as a potential exosite. Despite the weaker interaction with bovine Xa, NAPc2 was a tight binding competitive inhibitor of protein substrate cleavage by bovine prothrombinase as well. Extended enzymic surfaces elucidated with exosite-directed probes, such as NAPc2, may define a unique region of factor Xa that is modulated following its assembly into prothrombinase and in turn determines the binding specificity of the enzyme complex for its protein substrate.